The toxic polyneuropathy observed in a group of shoe-industry workers in Italy was clinically characterised by a symmetrical prevalently distal motor deficit, with occasional marked weakness of pelvic girdle muscles, and frequently by only subjective sensory symptoms; non-specific disturbances usually preceded neurological signs. Widely distributed in many regions of Italy is an occupational toxic polyneuropathy which is commonest among workers in the shoe industry but also affects manufacturers of bags, suit-cases, and raincoats. All of these processes involve the use of rubberpaste adhesives and organic solvents. This type of polyneuropathy closely resembles the n-hexane polyneuropathy described among manufacturers of sandals in Japan (Sobue et al., 1968; Yamamura, 1969) and in workers in other occupations (Yamada, 1964 (Yamada, , 1967 Herskowitz et al., 1971) , and in gluesniffers (Matsumura et al., 1972; Takenaka et al., 1972; Goto et al., 1974; Shirabe et al., 1974; Korobkin et al., 1975; Towfighi et al., 1976) . The purpose of this paper is to report clinical, electromyographical, and laboratory findings in 122 subjects affected by this toxic polyneuropathy. The aetiology is more extensively discussed in another paper (Abbritti et al., 1976 
Widely distributed in many regions of Italy is an occupational toxic polyneuropathy which is commonest among workers in the shoe industry but also affects manufacturers of bags, suit-cases, and raincoats. All of these processes involve the use of rubberpaste adhesives and organic solvents. This type of polyneuropathy closely resembles the n-hexane polyneuropathy described among manufacturers of sandals in Japan (Sobue et al., 1968; Yamamura, 1969) and in workers in other occupations (Yamada, 1964 (Yamada, , 1967 Herskowitz et al., 1971) , and in gluesniffers (Matsumura et al., 1972; Takenaka et al., 1972; Goto et al., 1974; Shirabe et al., 1974; Korobkin et al., 1975; Towfighi et al., 1976) . The purpose of this paper is to report clinical, electromyographical, and laboratory findings in 122 subjects affected by this toxic polyneuropathy. The aetiology is more extensively discussed in another paper (Abbritti et al., 1976 ).
METHODS
One hundred and twenty-two workers in the shoe industry, 83 females and 39 ma;es, aged 15 to 59 years (mean 35 years), were admitted to our hospital in (Accepted 16 July 1976.) 1151 B Perugia during the period , from the regions of Marche (106 cases), Umbria (eight cases), and Tuscany (eight cases). Most patients showed clear-cut signs of neuropathy, but some had only subjective complaints and were sent to the hospital for a more accurate examination.
Each patient was submitted to the following investigations: (1) full neurological and general examination; (2) coaxial needle electromyography (EMG) and motor nerve conduction velocity (MCV); the latter was measured in every patient in the peroneal and ulnar nerves, using standard techniques; lower normal values of the MCV in our laboratory for peroneal nerve (from knee to ankle) are 45 m/s (mean 51.4 m/s, SD 4.1) and for ulnar nerve (from elbow to wrist) are 47 m/s (mean 56.3 m/s, SD 5.2); femoral nerve conduction time from the ligamentum inguinalis to the vastus medialis muscle was also measured in every patient; (3) complete blood cell count; erythrocyte sedimentation rate; liver function tests; blood urea nitrogen; blood glucose; urinalysis.
Cerebrospinal fluid was examined in the most severe cases (seven patients), in three of whom the nature of the onset and the clinical picture initially suggested the possibility of an acute polyradiculoneuritis. Twenty patients were given EEG and 12 patients were given cochleovestibular tests. Plasma cholinesterase activity was measured in 58 cases. Unfortunately, it was not possible to perform nerve biopsy. Diagnosis of neuropathy was based on reduction of nerve conduction velocity and/or neurogenic signs on electromyography. Diagnosis of occupational disease was suggested by the fact that all patients worked in the same industry or in industries where similar kinds of work were carried out. Moreover, diagnosis was confirmed by the absence of clinical and anamnestic evidence for (1) other diseases able to cause peripheral nerve pathology, and (2) exposure to toxic substances outside the work environment. Patients with confirmed or even suspected chronic alcoholism, diabetes, liver or kidney diseases were excluded from this study.
The interval of time that elapsed between the appearance of subjective complaints, and of exposure to the toxic environment, and the results of the first EMG and clinical examination were noted. In 53 patients out of 79 with reduced nerve conduction velocity (groups I and II; vide infra), clinical and EMG examinations were repeated every three to six months, until MCV became normal. Other patients are still under periodic examination. Twenty-nine patients out of 43 of group III, without decrease of nerve conduction velocity, were studied until one year after stopping work; during the period of observation they did not attend their place of work.
A control group of 17 subjects who showed neither objective nor electromyographic signs of neuropathy, but who worked in the same industries and complained of subjective symptoms similar to those reported by the patients with signs of neuropathy, was also studied.
Tasks performed in the shoe industry by our patients were divided into three types: (I) gluing, which involved contact with rubber-paste adhesives; (2) cleaning, which involved the use of solvents of glues; (3) all other functions (more than 10), which did not involve direct contact with glues or solvents.
Exposure was distinguished as 'generic' (the number of years of work in the shoe industry whatever the task), and 'specific' (the number of years of work at the task during which the first symptoms of the disease appeared).
RESULTS
Since the reduction in motor nerve conduction velocity was greatest in the peroneal nerve in all patients, they were classified into three groups on the basis of the conduction velocity of the fastest motor fibres of the Subjective complaints were also present, as mentioned above, in the control group of shoe-industry workers. Table 1 illustrates the incidence of the general symptoms in the different groups. These were not clearly related to the severity of the neuropathy, with the exception of anorexia and weight loss which had a higher incidence in more severely affected patients. The incidence of the subjective symptoms related to neuropathy is shown in Table 2 ; weakness and paraesthesias appeared proportional to the severity of the neuropathy, whereas cramp-like pain did not.
Objective signs (Tables 3 and 4) Of interest was the progressive fall in the conduction velocity observed in some patients (nine of group I, and five of group II) even after removal from their work environment (Fig. 1) ; this occurred after at least four months in one case; clinical deficit also increased in the same period. As can be seen in Fig. 1 , we never observed very low values of MCV, either before or after the period or a non-evocable muscle response (MAP). In the amelioration phase, sometimes the MAP was evocable for a certain period only by stimulation of the proximal part of the nerve (Fig. 1, d .n.e. = MAP not evokable at the ankle). The distal latency was as a rule strikingly prolonged. Deterioration of MCV was not found to be correlated with age, body weight, length of exposure, or task performed in the shoe-industry. The phenomenon is probably more diffuse, because, as already mentioned (Table 1) , many subjects came to us late.
The amplitude of the MAP was always clearly reduced in patients of groups I and II (group I, extensor digitorum brevis: mean 1.7 mV), but rarely in patients of group III. Other electroneurographic data are not available for all the patients. At the first control in groups I and II, the distal latency (DL) for peroneal nerve to extensor digitorum brevis muscle was more than 7 ms in nine of the 23 cases examined (40%) and the duration of the MAP evoked at the stimulation of the nerve at ankle was longer than Electromyography and conduction velocity in the contrcl group were completely normal.
LABORATORY FINDINGS
Plasma cholinesterase levels are reported in Table 6 . The slight changes noted, with respect to the standard values given by the laboratory, were also observed in a supplementary control group of 10 subjects (neurotic, not shoe workers), and were not statistically significant. There is, therefore, no evidence of involvement of this enzyme. Slight hypochromic sideropenic anaemia (haemoglobin between 9.8 and 11.5 g/dl) was found in some patients, all females: four of group 1 (10.8 %), one of group 11 (2.4 %), four of group III (9.3 4), and one of the control group (6 %). In all cases anaemia disappeared with iron therapy.
Blood platelets were slightly less than 140 x 103 mm-3 in three patients of group I (8.1 %), three of group II (7 %), four of group III (9.3 %). (Fig. 1) . The time for conduction velocity to return to normal in 51 subjects (21 of group I, and 30 of group II), is shown in Table 7 ; in the most severe cases this was 30 months from the time of stopping work. Three patients of group I still have a decreased motor nerve conduction velocity after 21 years. Subjective complaints such as cramp-like pain, weakness, and fatigue often continued even when conduction velocity had become normal; atrophy was observed in the more affected muscles in the most severe cases. Tendon hyperreflexia was also found in several cases. As mentioned above, at the time of the first normal value of MCV, the distal latency was often found to be still high. The In group III patients, subjective complaints improved after a period away from work, but in several cases had not disappeared after one year of observation. The EMG showed little or no variations during the same period, thus confirming the chronic character of the lesion. Table 8 shows the relationship between functions performed by workers at the time of onset of polyneuropathy and the severity of the disease. It is evident that polyneuropathy can occur in its different forms irrespective of the task performed, and of direct contact with glues and/or solvents. Taken as a whole, the results show that the single tasks which carry the major risk of polyneuropathy are gluing and cleaning the finished goods with solvents; 71.3 % of the patients performed these two tasks in which only 20-25 % of the workers are usually engaged, whereas the remaining 28.7 % of the patients were engaged in more than one of the 10 other tasks carried out in the shoe industry. Data on exposure are shown in Table 9 . Yamamura (1969) , objective sensory disturbances appeared to be more frequent and severe, and in some patients involvement of cranial nerves I and II was noted, while general symptoms and muscle wasting were much less frequent and pelvic girdle involvement is not described. The latter was, on the contrary, much more evident in five cases of neuropathy in shoe-industry workers described some years ago by us (Borri et al., 1967) , and in several patients of Cosi et al. (1973) . No subjective general symptoms are reported in the case of glue-sniffing neuropathy, while subjective sensory disturbances appear almost to be constant (Goto et al., 1974; Shirabe et al., 1974; Korobkin et al., 1975) . In our study, the electromyographic and electroneurographic features are indicative of a mixed although prevalently axonal lesion. The occurrence of demyelinating processes is evident in the more severe degrees of the lesion (groups I and II) where a reduction of MCV higher than 40 % of normal mean values is present (Gilliatt, 1966) , besides the signs of denervation and of reduction of activable motor units, due to axonal lesion. Moreover, other data suggest the prevalence of the lesion in the distal part of the nerve: in fact the frequent increase of the distal latency and of the duration of the MAP, which in some cases occurred also when MCV was normal, indicates a delayed conduction in the distal part of the nerve in absence of damage in the more proximal part. This is comparable with the observation of Fullerton (1969) in acrylamide neuropathy and suggests a similar pathological process (dying-back neuropathy). The electrophysiological reports of Iida et al. (1969) on shoe-workers in Japan are in many respects not dissimilar to our findings, although these authors draw different conclusions, probably because of lack of data on the distal conduction. Korobkin et al. (1975) , and Towfighi et al. (1976) are those of a prevalent axonal (mainly paranodal) swelling due to accumulation of neurofilaments, and scattered demyelination assumed to be secondary. This pattern is also typical of neuropathies due to other chemically akin substances such as methyl-nbutylketone (Allen et al., 1975; and 2,5-hexanedione . Similar findings, however, are observed in acrylamide (Prineas, 1969b; Schaumburg et al., 1974) and TOCP (Prineas, 1969a) neuropathies, which are considered to be typical dying-back neuropathies (Cavanagh, 1964; Fullerton and Barnes, 1966) . This substantiates our interpretation on the electrophysiological basis, although we lack biopsy findings.
FUNCTION AND DURATION OF EXPOSURE
Apart from the picture of the clinically evident cases of groups I and II, that of group III merits further consideration. The group was delineated by a systematic electromyographic and electroneurographic examination of patients with little or no objective signs. The more frequent electrophysiological aspects, especially in those patients complaining of long-continued disturbance, are consistent with a 'minimal' chronic neuropathy due to axonal damage limited to a few fibres, so that in time denervation is largely compensated for by regeneration or by collateral branching of healthy fibres. The possibility of a regenerative process occurring while toxic exposure continues was demonstrated in acrylamide poisoning by Fullerton and Barnes (1966) and in other toxic neuropathies . The electroneurographic demonstration of the worsening of the neuropathy in some patients ofgroups I and II for a few months after leaving work is ofinterest and as yet unexplained. This was also noted clinically by Yamamura (1969 ), Goto et al. (1974 , Shirabe et al. (1974) , and Korobkin et al. (1975) in n-hexane neuropathy and in neuropathies due to TOCP (Becker, 1961; Gross, 1967) , thalidomide (Simpson, 1963; Hafstrom, 1967) and methyl-nbutyl-ketone (Allen et al., 1975 In polyneuropathies of shoe-workers, cholinesterase levels were found to be depressed in 26 cases out of 42 by Yamamura (1969) , and in erythrocytes, but not in plasma, by Faggi et al. (1971) , while Crepet et al. (1968) found it always normal in erythrocytes, as well as in plasma. Our study of plasma cholinesterase levels showed no significant variation between exposed workers and the control group. This contrasts with the hypothesis of an aetiological importance of triorthocresylphosphate (TOCP) which has been shown to cause inhibition of plasma cholinesterase (Hunter, 1975) .
No definite involvement of the haematopoietic system has been found apart from a mild decrease in platelet counts in some patients: this might be due to small amounts of benzeneoccasionallypresentinglues and solvents, or to the action of the other organic solvents largely used in the shoe industry.
As far as aetiology is concerned, the toxic agent previously considered by many Italian authors (Isotti and Saraval, 1958; Crepet et al., 1968; Cosi et al., 1973; Fasanaro, 1973) to be responsible for neuropathy in Italian shoe-industry workers is triorthocresylphosphate (TOCP), a non-volatile substance contained or suspected to be contained in glues, which may be absorbed through the skin and gastrointestinal tract. Indeed, the clinical, electromyographic, and histological picture (as above mentioned) may have aspects similar to those of the TOCP neuropathy (Herskowitz et al., 1971; Shirabe et al., 1974) . However, TOCP has never been demonstrated in appreciable quantity in the materials analysed by other Italian authors (Capellini et al., 1968; Crepet et al., 1968) and by us.
Two main facts support the hypothesis that the agent responsible is a volatile substance (Abbritti et al., 1976) : first, the evidence that the polyneuropathy affects not only workers engaged in gluing, but also workers involved in cleaning finished shoes with organic solvents and even those who have no direct contact either with glues or solvents although working in the same environment (Table 8) ; second, the fact that the disease sometimes manifests itself in epidemic form, especially during the winter, in small factories where standards of hygiene are very poor, whereas in larger industries with better environmental and personal hygiene, only the mildest form of the disease is found.
Samples of solvents and glues collected by us in five different factories (with a total of 20 workers affected by the disease) gave evidence for the constant presence in very high concentrations (from 79 to 98 % of the solvent by volume) of paraffinic hydrocarbons of a low boiling point (pentane, isopentane, 2-methylpentane, 3-methyl-pentane, n-hexane, heptane, isoheptane) (Abbritti et al., 1976) .
In materials used in sandal factories in Japan, where cases of polyneuropathy occurred, Inoue et al. (1970) found a similar composition. The experimental demonstration of the neurotoxic activity of similar mixtures (described commercially as 'n-hexane', referring to the main component) was given by Miyagaki (1967) , Kurita (1967) and Truhaut et al. (1973) . The pure n-hexane was, on the contrary, found experimentally unable to cause neuropathy also in high concentration during several months (Foia et al., 1976) .
Toluene, found in considerable amounts (24 to 55 %) in materials inhaled in cases of glue-sniffers' neuropathy (Goto et al., 1974; Shirabe et al., 1974; Korobkin et al., 1975) was lower than 2o% in our solvents.
Methyl-n-butyl-ketone, an experimentally demonstrated neurotoxic substance (Duckett et al., 1974; Mendell et al., 1974; , causative agent of several cases of neuropathy in an industry producing plastic-coated and colour-printed fabrics (Allen et al., 1975) 
